The zebrafish unplugged/MuSK receptor controls pre- and postsynaptic development  by Granato, Michael
involved, including members of the FGF, ephs, semaphorin, netrin and
slit families. Hypothyroid mice appear to have fewer afferent and
efferent ﬁbers extending to inner and outer sensory hair cells and
fewer synapses with these cells. Moreover, thyroid hormone regulates
cochlear expression of genes encoding putative axon guidance cues.
The severity of hearing loss is dependent upon the genetic background
strain and can be completely rescued by a locus on chromosome 2.
Discovery of the identity of such a protective factor could lead to
developing treatments that would enhance axonal outgrowth neces-
sary for regenerative therapy in common age-related or environmen-
tally-induced hearing loss, and for the rare cases of congenital
hypothyroidism-induced deafness that are not responsive to thyroid
hormone supplementation. (March of Dimes)
doi:10.1016/j.ydbio.2008.05.016
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The neural crest (NC) is a cell population derived from the dorsal
neural tube that gives rise to distinct cell types during embryonic
development. Depending upon their anterior–posterior (A/P) level, NC
generate cells as disparate as neurons and cartilage. The currentmodel
for NC speciﬁcation suggests that NC fate (with the exception of
melanocytes) is determined by environmental cues they encounter
during migration, rather than by intrinsic cues prior to leaving the
neural tube. To test this model, we performed microarray analyses on
post-migratory NC from two distinct cell/tissue types: enteric neurons
and sciatic nerve. Notably, we found that Hox genes are differentially
expressed between these populations. While it is known that Hox
genes play a role in the generation of cephalic NC-derived-structures,
little is known about their function in NC derived from other regions of
the neural tube. To test whether Hox genes represent an intrinsic cue
sufﬁcient to drive NC fate, we misexpressed posteriorly-expressed
Hoxb7 in anterior, occipital NC using in ovo electroporation. At levels
inconsistent with dorsal root ganglia (DRG) growth, we observed the
formation of ectopic DRG, determined by Islet1/2 and Brn3a
immunoreactivity, suggesting that Hoxb7 confers a truncal identity
to occipital NC. Similar results are observed when other paralogous
Hox genes are misexpressed. Collectively, these results provide
support for an intrinsic model of NC fate speciﬁcation. Additional
experiments are currently underway which will verify whether Hox
genes are required to specify diverse populations of NC.
doi:10.1016/j.ydbio.2008.05.017
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Polarity is an essential feature of many cell types, including
neurons, the primary building blocks of the brain. These highly
polarized cells integrate information from local inputs through their
dendrites and propagate nerve impulses to distant targets through a
single axon. The formation of this polarized structure can be
subdivided into at least two stages: the initial establishment of
axons and dendrites, followed by the polarized localization of axonal
and dendritic cargo. While intrinsic factors have been shown to
regulate the polarized localization of axonal proteins, extracellular
cues that coordinate neuronal polarity in vivo have not been explored.
Here, we show that axon guidance cue UNC-6/netrin and its receptor
UNC-5 exclude presynaptic components from the dendrite of the C.
elegansmotor neuronDA9which normally reside in a regionwith high
UNC-6 concentration. In unc-6 and unc-5 mutants, synaptic vesicles
and active zone proteins are mislocalized to the DA9 dendrite. In
addition, ectopically expressed UNC-6/netrin, acting through UNC-5,
is sufﬁcient to exclude endogenous synapses from nearby DA9 axon.
Interestingly, the antisynaptogenic activity of UNC-6/netrin is inter-
changeable with that of LIN-44/Wnt despite the different receptors
utilized, suggesting that extracellular cues such as Netrin and Wnts
not only guide axon navigation but also regulate the polarized
accumulation of presynaptic components through local exclusion.
doi:10.1016/j.ydbio.2008.05.018
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T-box genes encode a family of transcription factors that regulate a
broad range of developmental processes in vertebrates and inverte-
brates. In addition to their roles in regulating heart and epidermal
development in Drosophila, we provide evidence that the T-box genes
neuromancer-1 (nmr-1) and neuromancer-2 (nmr-2) play key roles in
embryonic CNS development. We ﬁnd that nmr-1 and nmr-2 function
in a partially redundant manner to regulate neuronal cell fate by
inhibiting even-skipped (eve) expression in speciﬁc post-mitotic
neurons in the CNS. Consistent with these observations, we ﬁnd that
Nmr-1 and Nmr-2 transcription factor proteins also exhibit over-
lapping yet distinct expression proﬁles within the CNS. Nmr-2 is
expressed early in segment polarity stripes (Stage 9), deﬁned subsets
of neuroblasts, ganglion mother cells, and discrete sets of post-mitotic
neurons. In contrast, Nmr-1 expression is expressed much later
(Stages 11/12) and restricted to speciﬁc subsets of Nmr-2-expressing
post-mitotic neurons. Expression studies identify all Nmr-1- and Nmr-
2-positive neurons as interneurons and lineage studies map speciﬁc
sets of these neurons to neuroblast lineages 2-2, 6-1 and 6-2. Finally,
genetic analyses reveal that nmr-2 collaborates with nkx6 to regulate
eve expression in speciﬁc neurons. Thus, nmr-1 and nmr-2 appear to
be members of the eve transcriptional regulatory hierarchy that
speciﬁes neuronal subtype identities in the developing CNS.
doi:10.1016/j.ydbio.2008.05.019
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Formation of synapses requires coordinated localization of pre-
and postsynaptic elements at prospective sites of innervation. In the
developing vertebrate muscle, motor axons grow together through
the central region of the muscle and then extend individual branches
that synapse with myoﬁbers. Acetylcholine receptors (AChRs) aggre-
gate in apposition to the presynaptic nerve terminals, and the
result is a band of neuromuscular junctions (NMJs) at the central
zone of muscle ﬁbers. Genetic and molecular studies in mice have
established that the Agrin–MuSK–Rapsyn pathway controls neuro-
muscular synapse formation. Prior to forming mature synapses, AChR
cluster accumulate at presumptive postsynaptic region, through an
Agrin and nerve independent mechanism. This process of AChR
prepatterning is conserved in vertebrates, but the function of such
prepatterned AChRs, as well as the mechanism by which AChR
aggregation is initially initiated, remains elusive. We have previously
identiﬁed mutants of the zebraﬁsh unplugged/MuSK gene, and have
shown that this gene controls motor axonal guidance and neuro-
muscular development through two protein isoforms activating
divergent downstream signaling pathways (Zhang et al., 2004;
Lefebvre et al., 2007). Here, we examine the function of AChR
prepatterning in synapse formation and the mechanisms that initiate
this process. We propose a model by which ligand activation of the
unplugged/MuSK receptor polarizes postsynaptic muscle ﬁbers,
thereby initiating AChR prepattern and also directing motor growth
cones.
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The production of midbrain dopamine neurons in the laboratory is
a leading example of the potential of stem cell-based therapies in
medicine. To optimize methods for the differentiation of dopamine
neurons from stem cells, we need a more precise understanding of
their embryonic development. Previous studies suggested that
dopamine neuron fate is induced by the ﬂoor plate and the
morphogen, shh. Using a genetic labeling method, we demonstrate
that, contrary to previous studies, dopamine neurons are derived from
the shh-expressing cells of the ﬂoor plate. The forkhead factor, foxa2,
is expressed in the ﬂoor plate and we show that it is necessary and
sufﬁcient for the development of dopamine neurons but not more
laterally derived neurons. Foxa2 continues to be expressed in
dopamine neurons in the adult mouse brain. In old foxa2 hetero-
zygous mutant mice, we observe the spontaneous appearance of
motor deﬁcits; this movement disorder is accompanied by a loss of
dopamine neurons. A loss of dopamine neurons is characteristic of
Parkinson's disease (PD) and additional features of the dopamine
neuron loss in mutant mice are reminiscent of PD. This is the ﬁrst
mouse model of spontaneous, dopamine neuron degeneration in old
age. Targeting the survival function of the foxa2 gene may prove
important in stem cell-based and pharmacological approaches to
dopamine neuron disease. Stem cell biology, embryology, and this
animal model of PD suggest that foxa2 is a critical gene at multiple
times during the “molecular biography” of dopamine neurons.
doi:10.1016/j.ydbio.2008.05.021
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